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Abstract
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1 Introduction

The rising degree of income inequality has become an important economic phenomenon in many

developed countries over the past few decades (Saez and Zucman, 2016). Therefore, for expla-

nation, recent studies have been attempting to investigate the relationship between income in-

equality and a variety of policy regimes.1 Among the existing policy regimes, monetary policy

has been receiving increasing attention. Given that monetary policy has been used for price sta-

bility and economic growth, it can generate different impacts on different income groups in an

economy, which may intensify or mitigate the degree of income inequality.2

This study adds to the current debate by revisiting the effect of inflation on economic growth

and income inequality in an innovative-driven growth framework as in Chu, Cozzi, Fan, Fu-

rukawa and Liao (2019) but incorporates menu costs as in Oikawa and Ueda (2018). The novel

contribution of this study is to analyze the monetary effect on income inequality in a variety-

expansion model developed by Romer (1990) and Rivera-Batiz and Romer (1991), with a lab-

equipment R&D specification. As Piketty, Saez and Stantcheva (2014) argues, an unequal dis-

tribution of wealth is an important source of income inequality, so we consider heterogeneous

households with different asset holdings. In this model, since wage income is equally distributed

across households, inflation affects income inequality by altering households’ asset income. The

overall impact of inflation operates through (a) changing the rate of economic growth and then

the rate of real interest (i.e., the interest-rate channel) and (b) changing the value of wage and

then the ratio of asset income relative to wage income (i.e., the asset-value channel). The numer-

ical results show that in the case of higher inflation, the interest-rate effect is negative, whereas

the asset-value effect can be either negative or positive. Therefore, this could lead to a negative or

potentially positive impact of inflation on income inequality, depending on certain parameter val-

ues.3 This mechanism for the inflation-inequality relation differs from that in Zheng (2020), who

explores a similar question in a Schumpeterian growth model with a knowledge-based specifi-

cation.4 We find that such a difference arises from the distinction between the knowledge-based

specification and the lab-equipment specification (instead of the dissimilarity between quality-

improving innovations and variety-expanding innovations), which determines the asset-value

channel to be active or not. The above findings are robust to the extension with elastic labor

supply, as shown in Appendix B.

1See, for example, Piketty, Saez and Stantcheva (2014) for tax policy and Chu and Cozzi (2018) for patent policy.
2See Coibion, Gorodnichenko, Kueng and Silvia (2017) for detailed discussions on the connection between mone-

tary policy and income inequality.
3See Appendix A for more details.
4In Appendix C, we also extend the benchmark model to a knowledge-based specification.
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2 Model

Suppose that there is a cashless economy in which the central bank directly controls the inflation

rate. Throughout the analysis, we focus on the balanced growth path (BGP). Denote by g the

growth rate of a real variable, and by π the growth rate of an aggregate price index.

2.1 Households

There is a unit continuum of infinitely-lived households indexed by h ∈ [0, 1]. Households have

the same preferences over consumption ct′ but possess different levels of asset holding. The

lifetime utility of household h is given by

Ut =
∫ ∞

t
e−ρ(t′−t) ln ct′(h)dt′, (1)

where ρ > 0 is the subjective discount rate. Household h’s asset-accumulation equation is

ȧt(h) = rtat(h) + wt − ct(h), (2)

where at(h) is the real asset value and rt is the real interest rate. Households inelastically supply

one unit of labor and earn the real wage at a rate of wt. Solving the standard utility-maximization

problem yields the intertemporal optimal condition for household h:

ċt(h)/ct(h) = rt − ρ. (3)

Thus, the total consumption by all households, defined as ct ≡
∫ 1

0 ct(h)dh, also grows over time

at the same rate of real consumption such that ċt/ct = ċt(h)/ct(h) = rt − ρ.

2.2 Final goods

Final goods, yt, are produced competitively by using labor and a continuum of intermediate

goods according to

yt = lα
t

∫ Nt

0
[xt(j)]1−αdj, (4)

where Nt is the measure of varieties of intermediate at time t. lt is the labor devoted to pro-

ducing final goods. Since labor is only used in production, lt will equal to unity. xt(j) is the

quantity demanded of intermediate goods j ∈ [0, 1] and α ∈ (0, 1) is a parameter that deter-

mines the elasticity of substitution between the varieties of intermediate goods. Solving the
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profit-maximization problem yields the demand function for xt(j):

xt(j) = (1− α)
1
α

(
Pt

pt(j)

) 1
α

, (5)

where pt(j) is the price of xt(j) and Pt is the price of final goods in addition to the aggregate

price index. Moreover, the inverse demand function for lt is

wt = α
∫ Nt

0
[xt(j)]1−αdj. (6)

2.3 Intermediate goods

Intermediate goods in industry j are manufactured by a monopolist who uses one unit of final

good as the production input. The real-period profit of the monopolist is

Πt(pt(j)) =
[pt(j)− Pt]xt(j)

Pt
=

ξt(j)− P
[ξt(j)]1/α

(1− α)1/αP(1/α−1) =
ξt(j)− 1
[ξt(j)]1/α

(1− α)1/α, (7)

where ξt(j) = pt(j)e−πt is the real price of xt(j). P is the price of final goods at time 0 and

is normalized to one. We follow Goh and Olivier (2002) to assume that the patent breadth

is incomplete so that each monopolist charges a limited price to exclude the competition of

potential imitators. Accordingly, the profit-maximizing price is determined by the markup (1 <

µ < 1/(1− α)) such that ξ∗ = µ.5

We assume that when firms change their prices in period t, they need to incur κ > 0 units of

final goods as menu costs, which makes sticky the price of each intermediate good. Moreover,

firms also pay menu costs upon entry. The expression ξt(j) = pt(j)e−πt indicates that for any

positive inflation rate π > 0, the real price of intermediate goods decreases at the rate of π for

the increase in the price of final goods.6 Suppose that in period ti+1 for i = 0, 1, 2, · · ·, firms pay

menu costs and reset the real price at ξi+1. Then the real present value of a monopolist upon

entry is given by

Vt(j) =
∞

∑
i=0

{∫ ti+1

ti

Πt′(ξie−π(t′−ti))e−r(t′−t)dt′ − κe−r(ti+1−t)
}
− κ, (8)

where ξt = ξie−π(t−ti), and ti is the timing of price changes with t0 = t. As shown in Sheshinski

and Weiss (1977) and Oikawa and Ueda (2018), the optimal pricing strategy for firms is to obey

5The consideration of incomplete patent protection simplifies the pricing strategy of monopolists.
6We restrict our analysis to the case of π > 0. When π < 0, the real price of intermediate goods ξt(j) rises over

time. This case becomes less attractive, however, given our assumption of incomplete patent breadth, under which
ξt(j) should be lower than µ. When π = 0, ξt is constant over time and firms have no incentive to change prices.
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the following Ss rule, with the maximum and minimum price, S and s, respectively, given by

S = ξ∗ = µ; and s = Se−π∆, (9)

where ∆ denotes the time interval between s and S. Monopolists that start manufacturing in

period t set the real price at S initially, and their firm value is now described by

Vt(j) =
∞

∑
i=0

{∫ t+(i+1)∆

t+i∆
Πt′(Se−π(t′−t−i∆))e−r(t′−t)dt′ − κe−r(t+(i+1)∆−t)

}
− κ

=
∞

∑
i=0

{∫ ∆

0
Πt′′+i∆+t(Se−πt′′)e−r(t′′+i∆)dt′′ − κe−r(i+1)∆

}
− κ

=
∞

∑
i=0

e−ir∆
{∫ ∆

0
Π(Se−πt′′)e−rt′′dt′′ − κe−r∆

}
− κ

=
1

1− e−r∆

{∫ ∆

0

[(
Se−πt′′

)1−1/α
−
(

Se−πt′′
)−1/α

]
e−rt′′(1− α)1/αdt′′ − κe−r∆

}
− κ

=
[(1− α)/µ]1/α

(1− e−r∆)

µ
[
1− e−(r− 1−α

α π)∆
]

r− 1−α
α π

− 1− e−(r− π
α )∆

r− π
α

− κ

1− e−r∆ ≡ vt,

(10)

where (7) and S = µ in (9) have been used. Notice that the firm value in (10) (i.e., vt) is identical

across industries j ∈ [0, 1]. Hence, the optimal time interval ∆ = ∆(g, π) maximizing vt is

determined by

dvt

d∆
= 0⇔ rvt =

(
1− α

µ

) 1
α

e
π
α ∆(µe−π∆ − 1). (11)

2.4 R&D

New innovations for each variety are invented by a unit continuum of R&D firms indexed by

ε ∈ [0, 1]. Each firm purchases Rt(ε) units of final output for R&D. The real expected profit of

firm ε is vtṄt(ε)− Rt(ε), where Ṅt(ε) = βRt(ε) is the number of inventions created by firm ε and

β > 0 is a productivity parameter. Given the unit continuum of R&D firms, we have Ṅt = Ṅt(ε)

in equilibrium. Therefore, the aggregate growth rate of innovation is g = Ṅt/Nt = βRt/Nt.

Assume that the research sector is perfectly competitive with free entry. Then the flow of an

R&D firm’s real profit must be zero, implying

vt = 1/β. (12)
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3 Stationary Equilibrium

Denote the total menu costs, aggregate level of asset holdings, firm values, intermediate goods

and R&D expenditure by zt, at =
∫ 1

0 at(h)dh, Vt =
∫ Nt

0 Vt(j)dj = Ntvt, xt =
∫ Nt

0 xt(j)dj and

Rt =
∫ 1

0 Rt(ε)dε, respectively. The general equilibrium is defined as follows.

Definition 1. The general equilibrium consists of sequences of aggregate variables {at, lt, ct, yt, xt, zt, Rt}∞
t=0,

intermediate-goods firm j’s decisions {ξt(j), ∆}∞
t=0, R&D firm ε’s decisions {Rt(ε)}∞

t=0, household h’s
choices {at(h), ct(h)}∞

t=0, and aggregate prices {Pt, pt(j), ξt(j), wt, rt, Vt}∞
t=0, for h ∈ [0, 1], j ∈ [0, 1] and

ε ∈ [0, 1] such that households and firms solve their optimization problems, and all markets clear. That is,
the asset market clears such that Vt = at. The labor market clears such that lt = 1. The final-goods market
clears such that

ct + xt + zt + Rt = yt. (13)

The resource constraint in (13) shows that the aggregate demand of final goods (for consumption, producing
intermediate goods, paying menu costs, and R&D spending) equals the aggregate production of final goods.

To solve the equilibrium, we follow Arawatari, Hori and Mino (2018) to derive the equilibrium

expressions of various variables as follow.

Lemma 1. The equilibrium wage rate, aggregate intermediate goods, total menu costs, and consumption
are given by

wt = α(1− α)
1−α

α
gNt

1− e−g∆

[
e(

1−α
α π−g)∆ − 1

]
µ−

1−α
α

(1− α)π/α− g︸ ︷︷ ︸
Ω(∆)

. (14)

zt =
κgNt

1− e−g∆ . (15)

xt = (1− α)
1
α

gNt

1− e−g∆

[
e(π/α−g)∆ − 1

]
µ−

1
α

π/α− g︸ ︷︷ ︸
Φ(∆)

. (16)

ct =
gNt

1− e−g∆

[
(1− α)

1−α
α Ω(∆)− (1− α)

1
α Φ(∆)− (1− e−g∆)/β− κ

]
(17)

Proof. See the Appendix A.1.

Equations (14) - (17) show that the equilibrium allocations are functions of endogenous vari-

ables ∆ and g, for any given π. Combining (11) with (12) and (10) with (12), respectively, this

model can be reduced to a system of two equations involving ∆ and g:

ρ + g
β

=

(
1− α

µ

) 1
α

e
π
α ∆(µe−π∆ − 1), (18)
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1/β =
[(1− α)/µ]1/α

[1− e−(ρ+g)∆]

µ
[
1− e−(ρ+g− 1−α

α π)∆
]

ρ + g− 1−α
α π

− 1− e−(ρ+g− π
α )∆

ρ + g− π
α

− κ

1− e−(ρ+g)∆
. (19)

(18) and (19) determines the equilibrium values of ∆ and g, which in turns determines the equi-

librium allocations as specified by (14) - (17).

4 Inflation and income inequality

In this section, we first show that the asset distribution on the BGP is stationary in this model,

and then examine the effect of inflation on income inequality.

4.1 Asset distribution

Define θa,0(h) ≡ a0(h)/a0 as the initial share of asset owned by household h at time 0, which is

exogenously given and follows a general distribution function with a mean of one and a standard

deviation of σa > 0. Aggregating (2) by h yields the aggregate asset-accumulation function given

by ȧt = rtat + wt − ct. Thus the dynamics of household h’s asset share at time t is

θ̇a,t(h)
θa,t(h)

=
ȧt(h)
at(h)

− ȧt

at
=

ct − wt

at
− ct(h)− wt

at(h)
⇔ θ̇a,t(h) =

ct − wt

at
θa,t(h)−

ctθc,t(h)− wt

at
, (20)

where θc,t(h) ≡ ct(h)/ct is the share of consumption by household h. Using ċt/ct = ċt(h)/ct(h)
from (3), we show that θc,t(h) is time invariant and equals to θc(h) for all t because θ̇c,t(h)/θc,t(h) =
ċt(h)/ct(h)− ċt/ct = 0. Given that the real economic variables {ct, wt, at} all grow at the rate of

g along the BGP, ȧt = rtat + wt − ct is reduced to ct −wt = ρat and thus the coefficient associated

with θa,t(h) in (20) is reduced to ρ > 0. Therefore, the one-dimensional differential equation as

described in (20) indicates that θ̇a,t(h) must be zero for all t to be consistent with the long-run

stability given that θa,t(h) is a state variable.7 Moreover, applying θ̇a,t(h) = 0 into (20) yields

θc,t(h)− 1 =
ρat

ct
[θa,0(h)− 1] . (21)

4.2 Income distribution

The real income earned by household h and the aggregate real income earned by all households

are It(h) = rtat(h) + wt and It = rtat + wt, respectively. Combining It(h) and It yields the share

7We need to maintain caution here because the model may feature transitional dynamics. The asset distribution
may deviate from the one on the old BGP, following a change of the inflation rate. Due to the complexity of charac-
terizing transitional dynamics, however, we assume here that inflation has a negligible effect on asset inequality and
take - as given - the degree of asset inequality when analyzing the effects of inflation on income inequality.
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of income by household h:

θI,t(h) ≡
It(h)

It
=

rtat(h) + wt

rtat + wt
=

rtatθa,0(h) + wt

rtat + wt
, (22)

where θa,t(h) = θa,0(h) has been used. The distribution function of income share θI,t(h) has a

mean of one and the following standard deviation:

σI,t = σI ≡

√∫ 1

0
[θI,t(h)− 1]2dh =

rtat/wt

1 + rtat/wt
σa, (23)

which is an increasing function of the asset income relative to wage income (rtat/wt) as in Chu,

Cozzi, Fan, Furukawa and Liao (2019) and Zheng (2020). It is because an unequal distribution of

wealth is the source of income inequality. The aggregate effect of inflation on income inequality

can be decomposed into two channels: the interest-rate effect (i.e., rt) and the asset-value effect (i.e.,

at/wt), as identified by Chu and Cozzi (2018). First, altering the inflation rate π has an impact

on the steady-state interest rate r since the growth rate g determined by (18) and (19) is changed.

Furthermore, the impact of π on the asset value relative to the wage rate in the steady state can

be obtained by using the asset-market clearing condition and free-entry condition in the R&D

sector:
at

wt
=

Ntvt

wt
=

(
µ

1− α

) 1−α
α

[( 1−α
α

)
π − g

αβg

]
eg∆ − 1

e
1−α

α π∆ − eg∆
. (24)

Equation (24) shows that at/wt relies on the impact of π directly in addition to the impact of π

indirectly through affecting ∆ and g determined by (18) and (19).

Due to the complexity and analytical ambiguity, we resort to a numerical exercise to evaluate

the effect of inflation on income inequality. Our benchmark parameter specification is ρ = 0.02,

α = 0.6 and µ = 1.2, which are conventional values in the literature. We follow Midrigan (2011)

to set the menu cost parameter to κ = 0.022. The productivity parameter β is calibrated to 1.3470

by matching the standard moments of the inflation rate π = 2.5% and the growth rate g = 2%.

Given the above parametrization, Figure 1b shows that the economic growth rate is mono-

tonically decreasing in the inflation rate.8 Intuitively, when the nominal rigidity is present in the

economy, a higher inflation rate leads the real prices of monopolistic firms to decrease faster, as

shown in Figure 1a. This causes firms to adjust their prices more frequently and pay more menu

costs. Therefore, higher inflation tends to reduce the firm value. Nevertheless, given that free

entry to the R&D sector implies a constant firm value over time as shown in (12), a lower interest

rate responds to higher inflation to maintain the constant firm value. As a result, higher inflation

stifles economic growth according to (3).

8Our numerical analysis is restricted for a positive growth rate, implying a maximum inflation rate of 21.17%.
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Figure 1: (a) Inflation and time interval; (b) Inflation and economic growth.

In addition to the negative interest-rate effect of inflation by reducing the economic growth

rate, a higher inflation rate has a negative effect on the asset value (relative to the wage rate),

as shown in Figure 2a. This is because a higher π tends to raise the steady-state level of the

productivity-adjusted wage rate wt/Nt in (24).9 Therefore, both the interest-rate effect and the

asset-value effect contribute to a monotonically decreasing effect of inflation on the degree of

income inequality, as illustrated in Figure 2b. Nevertheless, as shown in Appendix A.2, under a

larger κ and much lower µ, the asset-value effect and the effect of inflation on income inequality

can be positive.
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Figure 2: (a) Inflation and asset value; (b) Inflation and income inequality.

9Higher inflation π decreases the real prices ξt(j) of monopolistic firms. However, the free-entry condition in
(12) requires a constant firm value vt of these producers. Given the interest rate rt and the technology level Nt, the
monopolistic firms have to supply more intermediate goods xt(j) to maintain their profit levels, which tends to raise
the wage rate wt as shown in (6).
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5 Conclusion

This study explores the effect of inflation on income inequality in a monetary version of the

lab-equipment model of economic growth with variety expansion and menu costs. Similar to

Chu, Cozzi, Fan, Furukawa and Liao (2019), who incorporate money demand through CIA con-

straints on consumption and R&D, the current study reveals that inflation can also affect income

inequality through both interest-rate and the asset-value effects in a cashless economy.10 In the

numerical analysis, the interest-rate effect is found to be negative under higher inflation, but the

asset-value effect and the impact of inflation on income inequality could be either negative or pos-

itive, conditional on typical parameter values. Therefore, comparing the current study to Zheng

(2020) implies that the process of innovation (i.e., variety expansion versus quality improvement)

and the R&D specification (i.e., lab-equipment versus knowledge-driven) play crucial roles in

determining how inflation affects income inequality in an R&D-based growth framework.
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